Tautomerisation and hydrogen-bonding interactions in fourcoordinate metal halide and azide complexes of N-donorextended dipyrromethanes (vol 39, pg 2851, 2010) . (2010). Tautomerisation and hydrogen-bonding interactions in four-coordinate metal halide and azide complexes of N-donor-extended dipyrromethanes (Abstract The synthesis and structures of Fe, Co, and Zn halide complexes [MX 2 (H 2 L)] (M = Fe, X = Br; M = Co, Zn, X = Cl) of the N-donor extended dipyrromethane ligand H 2 L are described, from which it is clear that bond rearrangements from imine-pyrrole to amine-azafulvene tautomers occur on metal co-ordination, both in the solid state and in solution. In the structure of [FeBr 2 (H 2 L)], this H-migration results in a pendant amine that is involved in both inter-and intramolecular hydrogen bonds to the bromide ligands, so forming a dimer. As the tautomerisation renders the N-H protons less acidic, metal-based ligand substitution reactions can occur in favour of deprotonation. As such, the reaction between [MCl 2 (H 2 L)] (M = Co, Zn) and NaN 3 results in the formation of the bis(azide) complexes [M(N 3 ) 2 (H 2 L)] which for Co displays both inter-and intramolecular N-H…N 3 -Co hydrogen bonds in the solid state. In contrast, reactions of the dihalides with the lithium bases LiNMe 2 or LiMe (M = Fe), or reduction reactions with C 8 K (M = Fe, Co) result in the formation of the known dinuclear helicates [M 2 (L) 2 ].
Introduction
The use of hydrogen-bonding interactions to stabilise reactive metal-based ligands or to direct selectivity in metal-based chemical reactions is a burgeoning area of research, and takes much inspiration from the active sites of metalloenzymes in which these interactions are exploited in the regulation of biological activity. 1 In order to understand and potentially mimic these interactions, strategies to small molecule analogues have been developed in which suitable ligands are designed to incorporate hydrogen-bonding groups that are directed towards the secondary coordination sphere of the metal. Notably, Borovik and co-workers have exploited tetrapodal urea and amide tren-based ligands that result in a rigid trigonal pyramidal primary co-ordination sphere at the metal and a trigonal, hydrogen-bonding pocket around the (vacant) axial coordination site, and have shown that it is possible to stabilise a variety of reactive metal-functional groups such as high oxidation state Fe and Mn terminal oxo and hydroxyls. 2, 3 Furthermore, Mareque-Rivas, Williams, and co-workers have shown that the rates of hydrolysis of phosphate esters are enhanced considerably by zinc complexes that incorporate hydrogen-bonding manifolds, and that this rate enhancement is similar to, or exceeds that seen when a second metal is introduced. 4 Alternatively, Nocera and co-workers have developed 'Hangman' ligands in which the primary metal coordination site, a porphyrin or a salen donor set, is linked to a carboxylic acid hydrogen-bonding site via a rigid single-pillared scaffold, and results in complexes that combine a metalloporphyrin redox site with a well-defined, orthogonal proton network; these features that are intrinsic to metalloenzymes that carry out proton-coupled-electron-transfer chemistry. 5 Significantly, Crabtree, Brudvig, and co-workers have shown that ligand design strategies that combine a known oxo-atom-transfer complex, in this case a Mn(-O) 2 Mn dimer with a carboxylic acid molecular recognition group, allows the regiospecific oxygenation of distal C-H groups of ibuprofen as hydrogen-bonding between the carboxylate groups on the complex and the ibuprofen molecule induces selectivity. 6 We developed recently a series of new acyclic 7 and macrocyclic ligands 8 derived from the dipyrromethanes R 2 C(C 4 H 4 NH) 2 (R = Me, Et, Ph; R 2 = Me 4 Cy h , fluorenyl) and found that the sp 3 -hybridised meso-carbon in the N 4 -donor Schiff-base ligands H 2 L promoted a helical twist that resulted in the formation of a series of neutral dinuclear helicates [M 2 (L) 2 ] for the first row transition metals Mn, Fe, Co, and Zn. 9, 10 Furthermore, we found that the use of chiral imine-nitrogen substituents derived from chiral amines promoted the sole formation of diastereomeric dinuclear mesocates instead of the expected helicates. 11 While investigating the mechanism of formation of these dinuclear complexes, we isolated the octahedral mononuclear complex [Mn(HL) 2 ] in which one half of the ligand had undergone an imine-pyrrole to amine-azafulvene tautomerisation and in which the pendant amine groups appeared accessible to the second metal reagent. 9 Here we describe the synthesis, structures, and reactions of the 1:1 complexes [MX 2 (H 2 L)] formed between the tetradentate ligand H 2 L and the transition metal halides MX 2 (M = Fe, X = Br; M = Co, Zn, X = Cl) in which tautomerisation has resulted in the presence of pendant amine groups that can be exploited as hydrogen bond donors to the ancillary ligands. Even though the dipyrromethane ligand provides an NN chelate, simple mononuclear transition metal complexes of this class of ligands remain relatively rare due to a tendency of the pyrrolide to take part in interactions that aggregate adjacent metal centres. 12, 13 
Results and Discussion

Synthesis and structures of [MX 2 (H 2 L)] complexes
The transition metal adducts [MX 2 (H 2 L)], (M = Fe, X = Br; M = Co, Zn, X = Cl) were prepared in high yields by combining the appropriate transition metal halide with H 2 L in THF (Scheme 1), and their formulations are supported by elemental analyses.
The EIMS of the iron complex [FeBr 2 (H 2 L)] displayed a molecular ion at m/z 556 (76 %) with the correct isotopic pattern, and further fragmentation due to loss of Brand Fe. While the 1 H NMR spectrum of [FeBr 2 (H 2 L)] in CDCl 3 displayed a series of paramagnetically-shifted resonances between 34.0 and -4.0 ppm, these proved difficult to assign due to line broadening and overlap; similar paramagnetically-shifted resonances were also observed for [CoCl 2 (H 2 L)] between 63.0 and -4.0 ppm and these were assigned by integration to CH, CH 3 and CMe 3 protons. Duplicate magnetic susceptibility measurements by Evans' method averaged to  eff = 5.23  B , a value that is consistent with a high spin, g = 2, Fe(II) ion ( calc = 4.90  B ). The IR spectrum of [FeBr 2 (H 2 L)] showed a weak band at 3219 cm -1 and a strong absorption at 1641 cm -1 that are attributable to ligand N-H and C=N/C=C stretches, respectively. In order to determine the binding mode of toluene solution. The solid state structure of [FeBr 2 (H 2 L)] is shown in Figure 1 , with selected bond lengths and angles and crystal data displayed in Tables 1 and 2 
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-------168. 8(8) [a] CCDC 731449 -731450 contain the supplementary crystallographic data for this paper. These data can be Significantly, the complexation of FeBr 2 by the pyrrolic nitrogens of H 2 L has resulted in ligand tautomerisation with concomitant migration of the pyrrole hydrogen to the imine nitrogen, so forming an amine-azafulvene tautomer. This feature is best viewed by comparing the ligand bond distances in [FeBr 2 (H 2 L)] with those in the crystallographically-characterised ligand H 2 L (Figure 2 ), 9 and shows that the alternating short-long-short bond distances in H 2 L are reversed in [FeBr 2 (H 2 L)]. As mentioned above, we observed previously a similar phenomenon in the octahedral Mn(II) complex [Mn(HL) 2 ] in which one half of each ligand adopted an imine-pyrrolide tautomer, while the other half was best viewed as an amineazafulvene. 9 A similar tautomerisation process was observed by Sessler and co-workers in the formation of a vanadyl complex of a Schiff-base expanded porphyrin in which an ene-amine bond rearrangement maximised the number of covalent and non-covalent bonds to the VO 2 + centre. 15 Also, Tasker and co-workers have shown recently that amine-functionalised, salicylaldoximine ligands undergo H-migration from the phenol oxygen to the amine nitrogen upon metal cation co-ordination, and that this event creates an anion-binding receptor that facilitates the solvent extraction of neutral MX 2 metal salts from aqueous streams. 16 
Reactions of [MX 2 (H 2 L)] complexes
The and suggests that, in a similar manner to the halide analogue, these protons adopt a rigid anti-configuration, presumably enforced by some conjugation and hydrogen-bonding interactions. To confirm whether the azide ligand acts as a hydrogen-bond acceptor to the N-H groups of the ligand, an X-ray crystallographic study was carried out on dark blue crystals of [Co(N 3 ) 2 (H 2 L)] grown from a CH 2 Cl 2 /pentane mixture. The solid state structure is shown in Figure 4 with selected bond lengths and angles and crystal data displayed in Tables 1 and   2 , respectively. 
Conclusions
We have shown that the co-ordination of MX 2 salts of Fe, Co, and Zn to the pyrrole nitrogens of the N-donor 
Experimental details
Unless otherwise stated, all reactions were carried out using standard Schlenk techniques under an atmosphere of nitrogen or argon or in a nitrogen-filled Vacuum Atmospheres OmniLab glovebox. Solvents were dried (hexanes, toluene, pentane, Et 2 O and THF were passed through activated alumina towers; 21 dichloromethane was distilled from CaH 2 ) and stored over 4 Å molecular sieves; all other solvents were used as purchased.
Deuteriated benzene was boiled over potassium, vacuum-distilled, and freeze-pump-thaw degassed three times. CDCl 3 and CD 2 Cl 2 were dried over activated alumina, vacuum distilled, and freeze-pump-thaw degassed three times. The ligand H 2 L was prepared according to literature procedures, CoCl 2 (H 2 O) 6 was dried under vacuum, and all other compounds were used as purchased. The 1 H NMR and 13 C{H} NMR spectra were recorded on a Bruker DPX-300 spectrometer operating at 300.13 and 75.47 MHz respectively; residual protiosolvent served as an internal reference for the former. Magnetic susceptibilities were determined using Evans' method and corrected for diamagnetic contributions using Pascal constants. IR spectra were recorded using a Nicolet Avatar 360 spectrometer. Elemental analyses were carried out by Mr. Stephen Boyer at the London Metropolitan University and EIMS by Dr. Ali Abdul-Sada of the University of Sussex. FeBr 2 (H 2 L) ] -To a stirred slurry of FeBr 2 (2.00 g, 9.23 mmol) in THF (20 mL), was added a solution of H 2 L (3.17 g, 9. 23 mmol) in THF (30 mL). The resulting red solution was heated at 80 ˚C for 24 h, after which the mixture was filtered and the volatiles evaporated at reduced pressure. The resulting orange solids were washed with hot hexanes (10 mL) to yield 4.42 g, 76% of [FeBr 2 (H 2 L)] as an orange powder. : Found: C, 45.73; H, 5.51; N, 9.94. C 21 
Synthesis of [
Analysis
Synthesis of [CoCl 2 (H 2 L)]
-To a stirred slurry of CoCl 2 (1.00 g, 7.82 mmol) in THF (20 mL) was added a solution of H 2 L (2.66 g, 7.82 mmol) in THF (30 mL). The solids dissolved immediately to give a green-blue solution. The mixture was stirred at room temperature for 24 h, after which it was filtered, the volatiles removed under vacuum, and the residues washed with hexanes (10 mL), to yield 3.2 g, 87% of [CoCl 2 (H 2 L)] as a turquoise powder. : Found: C, 53.79; H, 6.71; N, 11.74. C 21 H 32 N 4 CoCl 2 requires: C, 53.52; H, 6.87; N, 11 . 91% was added dropwise to a stirred slurry of KC 8 (1.00 g, 1.80 mmol) in THF (10 mL) at -78 o C. The mixture was allowed to warm to room temperature and stirred for a further 72 h, after which the slurry was filtered and the solvents evaporated under vacuum. The red solid residues were extracted into toluene (5 mL) and 140 mg of a red product was precipitated by the addition of pentane (10 mL 
Analysis
Synthesis of [ZnCl 2 (H 2 L)] -
Crystallography: General Methods and solution and refinement details
Single crystal diffraction data were collected using graphite monochromated Mo K X-radiation on a SMART APEX CCD area detector diffractometer equipped with an Oxford Cryosystems open-flow cryostat operating at 150 K. Details of the individual data collections and refinements are given in showed an azide/chloride disorder (N8/Cl1) which was modelled with respective occupancies of 0.75 and 0.25. The tert-butyl group C4 showed disorder and was modelled over two sites with occupancies 0.70 and 0.30. The C=N t Bu group C14, N4, C18-C21 was disordered and modelled over two sites with occupancies 0.85 and 0.15. Geometric and rigid bond restraints were applied in all cases, and partially occupied atom sites were refined with isotropic displacement parameters.
